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Le'^ Glycolipid (HI^FucV^FucVI^FucnLce)* 

(Received for publication, Febmaiy 3, 1986) 
Edward Nudeimaiit Steven B. Levery, Tokio Kaizu|» and Sen-itiroh Hakomori 

From Program of Biochemkal Oncobgy/Membrane Research. Fred HuUhinson Cancer Rexearvh Center, tjnd the Departments of 
Pathobioiogy, Microbiology, and Immunology, University of Waithingtm, Seattle, Washinston 93104 



A series of giycolipid antigens with Le' determinant (Facol-^2Ga|/}l-»4(Facal-^)GicNAc) 
defined by monoclonal antibody AH6 (Abe, K., McKibbln, M.» and Hakomori, S. (1983). J. 
BioL Chem. 258, 11793-11797) have been detected In haman colonic carcinoma cam. Three 
Le^'-aotive components have been identified as follows, (i) The simplest oom^onad was charac- 
terized BSi Le^ hexaosylceremide (lactodifticohexaosyloeramide, nPFttdV^Fui^nLo^), which was 
previously Isolated and was found as the mi^r component In six oat of eight caaas of colonic 
adenocarcinoma but as only a very minor component in two caa^ (U) The second component 
was a very minor component in all eight cases, and its structure was' Identified by 'H NMR 
spectroscopy as an extended Lei' (lactodifticooctao«ylceraniide, V^FucVPFuenLcs; Structure 1 
below), (ill) The third, nu^or component, common In all eight easra, has been Identified as 
trlAicosyl Le^ (laototrifticononaosylceramide, nPFucV^FucVPFtecnLca, Structure 2 below) " 
based on *H NMR spectroscopy, methylation analysis, and direct-probe ele&trr.g^-im(^^t mass 
spectrometry. 

Galf;-^GicNAci91-^Gal/91-H4GIcNAc^l-»3Ga|^l-»4Glc;^l--^lCivj 
2 3 

T t 

f ecirl Fucal 

Structure 1 

:;ral^l^401cNAcl91-^SGal^W4GkNAe/91-^Qai^l-y 1GSt;^'»l^-^ 
2 3 3 

f t t 

Fucal Focal Fucal 

Structure 2 ^ 



A large number of monoclonal antibGdies directed to human 
canvar tissuef^ and cell lines derived therefrom have been 
characterized as>;tiing directed to e series of glycolipids with 
Le', its asalylated derivative (sialyl Le*) (for a review, see Ref. 
1), and le^ detrrminant (2 -4).^ £:<ten»xve studies have been 



* This investigation was aupported by -leceaich Grants CA20026 
and CA19224 from the National Institatca of Health and by a grant 
from the Otsuka Resea/ sh Foundatxor . This is Paper V in the series 
"Novel Fucolipids of Human Adenocarcinoma." Part IV in this serier 
is Ref. 41. The co:its of publicaUor of this article were defrayed in 
part by the payment of pag^ charges. This article must therefoK be 
hereby marked '^advertisement** in eccorrisnce with 18 U.S.C. Section 
1734 soJely to indicate this fact 

This paper is dedicated to Professor Luis L. Leioir on the occcision 
of his 80th birthday- 

t Supported fay and on leave from the Japan Immimoresearch 
Laboratory, 17-5 Sakae, Takasaki, Gumma 370 Janan (nresent ad- 
dress). 

' The nomenclature Le* and Le' is adopted for the structures 
previously designated X and Y (34), respectively, based on tLs fact 
that they are positional isomers of blood group Lewis antigens La* 
and Le**. However, Le' and Le" have been identified as being unrelated 
to Lewis blood group antigens, Le, these structures do not represent 
a subtype of Lewia antigens that have been desipiated by the su£Gz 
a, b, c e^. (3G, 3G). Ths unks»n7n ontigsn present in Le(e-M>-) end 
Le(a-b+) erythrocytes but absent in Le(a-b-) erythrocytes was once 



performed on the isoL.tioti and characten^'^tion of a series of 
glycolipids having Le^ determinant^ whicb. were characterized 
'JtB lactofucQpentaosyl(CI}ceran»ide (5) mono-, di-, and 
trifu cosyl type 2 chaiit f/TucnLcc, "^t^aPFucanLc^ and 
V.^inniFFucsnLca)'' (6, 7). Monoclonal anUbodies that are 
c^bie of distinguishing these Le* structures have been es- 
tablished (8). One sbc^h vintibody, FH4, which reacts with 
dimeric Le", but not with > jonomeric Le*, showed aii immu- 
nohistological staining pattern typical for an oncofetal anti- 
gen in gastrointestinal turgors (9). However, the chemical 
nature of the ^colipids Suiving Le' deteni mant has not been 
extensively studied Previously, iactodifiicohexao^lceramide 
(Le'' hexaoeyloezamide, ttlFFucIV^ucnLc«) was isolated and 
characterized from a iiver metastatic lesion from colonic 
cancer and from the gastric cancer cell line MKN74 (4). A 
series of other ^ycolipids having Le' <tetenninant defmed by 
the antibody AH6 have been detected in the extracts of 



called (37), but the antibody recc^izing thia ^structure is clearly 
directed to a part of the Le* structure (38), which is unrelated to Le' 
or Le' as defined in this paper. 

' Glycolipids are dwignated according to the recommendations of 
the Nomendatuie Committee of the International Union of Pure and 
A>^ied Sctenoes (39): however, the 8u£Gx OseCer is omitted for 
shorthand designation. 
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Characterization of the Major Le^ Antigen 



various tumors and in normal blood cell membranes (4), 
although their chemical atmctuies have not been elucidated 
Karlsson and Larsson (10) found a ^colipid £raction ("frac- 
tion 30'') in meconium consisting of hepta- to decaosylcer- 
amides containing 0-3 fiicose residues. Mass spectrometry of 
the permethylated ^ycol4)id mixture suggested the presence 
of Le" or Le** hepta- to decaosylceramides, although none of 
these components were isolated or unequivocaUy character- 
ized This paper describes the pattern of Le'-active glycolipids 
defined by antibody^ AH6 in various cases of colonic adeno- 
carcinoma as compared with normal tissues and blood cells. 
One of the mi^r Le^-active components, present in human 
colonic adenocarcinomas but absent in normal colonic extract 
and in normal blood cell membranes, has now been isolated 
and characterized as an Le^ trifucosylnonaosy 1 structure. This 
' paper describes the isolation and characterization of 1^ novel 

glycpUpid. / 

MATERIALS AND METHODS^ 
RESULTS 

: L^'actwe Glycolipids from Human Colonic Adenocarci- 
noma' -The pclar neutral glycolipids from eight cases of hu- 
man adenocarcinomas and Uieir immunostaining pattern by 
anti-Le^" antibody AH6 are shown in Fig. 1, A and B. There 
were four groups of AH6-reactive components, (i) The fast 
migrating component reacting with AH6 antibodty (band b) 
had a thin-layer chromatogriq)hy mobility slic^tiy slower than 
ceramide pentasaccharide (IIPFucnLc4) (band a) and a 
slightly faster mobility than Ha glycolipid This component 
was identified previously as a lactodifiicohexaosylceramide 
(IIFFucIV^FucnLc4) (4), which has a carboiaydrate structure 
identical to the Le^ glycolipid of dog intestine (26). These two 
components overlap considerably depending on the ceramide 
conqmition. Band b as revealed by orcinol-sulfuric acid re- 
action was one of the m^gor components in tumors 118 (Fig. 
M, ianc /), 846 (Fig. lA, lane 7), and 067 (Fig. lA, lane 5), 
but was a very minor c ^mponent and undetectable hy orciuol- . 
sulfuric add reaction in tumors 038 (Fig. lA, lane 3) and 126 
(Fig. lA, lane 8). The band b component was det^^table by 
AH6 antiboc^, and the intensity of immimostaining did not 
correspond to the chemical quantity of the band detected by 
orcinol-sulfuric add (ii) The second Le^-active component 
defined by AH6 had a slightly slower TLC mobility than ya 
glycolipid ( V^FircnLcs) and was found in very small chemical 
quantity as indicated by orcinol-sulfuric acid reaction (Fig. 
lA, band c). Despite its small chemical quantity, it stained 
well on HPTLC* fay antibo<iy AH6 (Fig. LB, band c). This 
miiior component has been isolated firom fraction VI (HPLC 
tubes 70-79) of tumor 845 and further purified as an acetate 
on HPTLC as described under "Materials and Methods" (see 
Minq>rint Siq»pl«i>^nt). This component was characterized 
by 'H NMR as Le'-active octaosylceramide, difucosyllacto- 
norhezao^lceramide (V^cVFFucnLce) as described in the 
following section, (iii) The third component, the slower mi* 



^ Portions of thia paper (inchidmg "Meteiials and Methcds" and 
additional Figs. 1-4) are presented in miniprint at the end of thia 
paper. Miniprint is easUy read with the aid of a standard magni^fing 
glass. f^iU size photocopies are available from the Journal of Biolog- 
ical Chemistiy, 9650 Rockville Pike, Bethesda, MD 20814. Request 
Document No. 86M-341, dte the authois, and include a check or 
money order for $3.20 per set of photocopies. Full size photocopies 
are also included in the microfilm edition of the Journal that is 
available Irom Waveriy Press. 

* The abbreviations are: HPTLC, high performance thin-layer 
chromatography; HPLC, high performance liquid chromatography; 
HexNAc, AT-acetylhezosamine. 
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Fig. 1. P^^tteni of upper neutral glycolipids of eight cases 
of colonic adenocarcinomas and their immunostaining with 
anti-Le' monoclonal antibody AH6. The upper neutral glycolipids 
of various colonic adenbcarciiioma cases detected by 0.5% orcinol in 
2 M sulfuric acid in A and unmunostained with antibody AH6 ih fi 
are shown. Lane I, TGI 18 (colonic adenocarcinoma metastatic to 
liver, host blood group AB); lane 2, TG105 (cecum adenocarcinoma 
metastatic to liver, host blood group B); lane 3, TG038 (sigmoid 
adenocarcinoma, host blood group unidentified); lane 4, FT76-620 
(colonic adenocarcinoma metastatic to liver, host blood group O); 
. lane 5, TG067 (colonic adenocarcinoma metastatic to liver, host blood 
group unidLdtified); lane 5, standard Le'-active glycolipids (from top 
to bottom, lFPuclV»PucnLc4, V=*PucVrFucnLce, and IIPPucV*- 
FucVI^cnLce, respectively); lane 7, FT75-845 (colonic adenocarci- 
noma metastatic to liver, host blood group A); lane d» TG126 (colonic 
adenocarcinoma metastatic to liver; host blood group 0); lane 9, 
TG115 (primaiy liver adenocarcinoma; host blood group 0). Faster 
migrating bands are identified on the margins: Hexfier, ceramide 
dihexoside; Hexfier, ceramide trihezoside; Gb4 for ,^braide; nLc4 
for lactoneotetraoQylcerftmide (paragloboside). Slower migrating 
bands a-e have been identified as Le' pentaosylcerami^e (IIP- 
FucnLc4), Le' hexao^ylceramide (UTPudV^PucRLc^), Le' bctaogyl- 
ceramide (extended Le', VFucVTFucnLce), Le* octao^ykeramiiite 
(difiicosyl ys, III'V^CsnLce), and Le^ trifiicosylnonaosylceramide 
(IlPPucV^cVPPucnLca), respectively. Note that TG03g' (tone 3) 
and TG126 {Ume 8) had veiy small quantities of Le^ iiexaosylceram- 
ide. The intensities of immunostain^ bands by AH6 as shown in B ; 
do not match the intensities of the orcinol-sulfuHc add^^action. 
Btmds b, c and e correspond to three groups jf Le-* s^igen as 
described in the text. Ii? 

grating ^ycolipid partially overlapping with diuseric Le' 
(IIFV%uc2nLc6) (Fig. L4, band e), was found to beitrongly 
stained by AH6 in all tumor cases (Fig. Ifi, band e). This 
third Le^ component hud an average TLC molfility nearly 
identical to H3 glycolipid of O erythroc:i;es and partiidly 
overlapping with Le'-active difucosyliactonorhexaosylcer- 
amide (dimeric Le*, IlP\PFuc2nLc6), which migrated partially 
faster on HPLC (Fig. lA, band d). Since dimeric Le* showed 
a great deal of heterogeneity due to the difierence in ceramide 
composition (s^»rated in four bands) (7), a slower migrating 
dimeric Le* overlaps with Le'-active band e component. The 
band e component was fbimd mainly in fraction VII (HPLC 
tubes see Fig. 1 in the Minq>rint Sxqpplement) and was 
further purifi^ as an acetate cn HPTLC as described under 
"Materials and Methods" (see Miniprint Siqyplement). The 
Le^-active component was characterized as a nonaoqylcer- 
amide (trifucosyllactonorhexaosylceramide, UFFucV^c- 
VPFucnLCft) as described in the following section, (iv) The 
slower migrating unidentified components that were chemi- 
cally very minor were stained strongly by AH6 antibody. 

NMR Spectmm ofL^-actiue Octaosylceramide (Band c) 
and Nonaosylceramide (Band e>~The anomeric region of the 
'H NMR spectrum of the band c con^xinent, a minor Le'- 
active component of adenocarcinoma prquoed from FT 620 
tumor, is reproduced in Fig. 2A. Comparison with the spectra 
of other known type 2 chain glycolipid** obtained undler the 
same conditions (27) showed clearly thLl this spectrum dif- 
fers from that of the Le'-active hezaglycosylceramide 
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Fio. 2. Doynfleld regions of reaolation-ienhaiMMiii ftOfl-nm* 
H NBfR §pectra of adeBoeareiBoma gtycolinida from tumor 
620 VFueyFFaenLc (A) and IIPFteV^VI*FiiciiLe. (B) 
at 328 K, (Goneentratioii of 0.1-0^ mBi). 3640 and 3800 tree 
induction decays were accumulated for A and respectively, and 
resohitton was enhanced by application of a gaussian window function 
prior to transformation. An impurity peak at 4.77 ppm in A was 
dele^ The assignments of n-1 and IV-1 in A nu^ be reversed; o-e, 
Fuc H-5 resonances confirmed by decmzpling fonn CH| of same 
residue. Aroftec nuneraia refer to ring protons of residues A^gniifr^ 
Iqr romon mimerab in the coReq>onding structure. ^ 

(IIPPucIV^cnLc*) (4) solely in the addition of two anomeric 
signals from ;non-fucosylated internal ^-GlcNAc and ff-GsH 
le&idues. Thus, the anomeric resonances at 4.973 ppm ( Vi^ 
= 3.7 Hz), 4.404 ppm (Vi^ = 6.7 Hz), 4.875 ppm (V^r = 3.7 
Hz). an4 4.712 ppm (V,^ = 7.9 Hz), along with the F\ic H-5 
quartets at 4.027 and 4.640 ppm coupled to Fuc CHs doublets 
(not shown) at 1.103 and 1.072 ppm (Vs^ « 6.7 Hz), are fuUy 
diagnostic for the Le^-terminal wetrasaccharide. These leso- 
nances are assigned as shown in Fig. 24. The four remaining 
anomeric resonances at 4.285 ppm (Vi>= 7.3 Hz), 4.684 ppm 
(Vu = 7.9 Hz). 4.276 ppm (Vi^ = 7.3 Hz), and 4.172 ppm 
( Vu - 7.9 Hz) are consistent with the fSnir unsubstituted 
internal residues of nLcs* as assigned in 24. In addition, 
2 GlcNAc/NAc singlets were found at 1.820 ppm (6H, not 
shown), unshifted firom the position found for nLc^ Thus, the 
Btmcture of this ^col^id could be identified as 
VTucVPPucriLce from its *H NMR qpectrum alone. The 
dissonance shifts are all likewise consistent with substitution 
of the H2 i^ycolipid 1^ FVK;al-*3 at GlcNAc V or with yt 
glycoUpid substituted by Fucal-«2 at Gal VI (27. 28). 

Hie anomeric region of the * H NMR iqpectium of the major 
l^-active band e component from FT 620 tusor is i^ro- 
duced in Fig. 2B. Using the data for V^F^VFF^nLce as a 
base and the knowleclge of gtycogylation-induced shift effects 
for type 2 chain structures (28), the structure of this gl5<rolq>id 
could also be deduced from its ^H NMR apectnu Thus, the 
presence of the additional Fucal*»3 at GlcNAc III was evi- 
dent not only by the H-1, H-5, and CH3 resonances for this 
unit (4.876 ppm (»«/,;» = 4.3 Hz),* 4.586 ppm, and 1.014 |^m 

' The ^ypearance of this resonance as being equal in amplitude to 



(V, 
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^= 6.7 ppm), respectively), but also by ita predictable 
effi^ on H-l of GlcNAc ID (A* = 0.059 ppm). Gid^^f 
0.067 ppm) and GlcNAc V (A5 = 0.014 ppm) and of 
Fucal-^GlcNAc V (A« « 0.013 ppm). The Sufts^ ejwlfy 
in accord with the conversion of nPRwVTtoiLcs by addition 
of a tennincl ^ i:al-^2 unit In addition, the line shapes for 
each of the G' i H i resonances are consistent with the virtual 
ODuphiy Pacnomenon detected in the sinmler analoss. A 
detaded dis^ of the ^H NMR spectra of type 2Xin. 
based U« and Le^ structures wi!! be presented elsewhere (28). 
The assigned ohgosaccharide structure ;<i consistent with its 
antiuudy ri^viiy and KPTLC behavior and wb- confirmed 
s^sequently by direct-probe ekctron-impact mass a>ectrom- 
etry of the pennethyktedcompound andgaschromatiwranhy- 
mass^ectrometiyof it8hydroly8bproduct8(8eebelowr 
In a Aiition to information regard 

ture, H£^^al«^ save some indication of cera^ 
srtion. Thus, the spectrum of trifiwosyl Le' from tumor 6^) 
ffig. 2B) showed sphingosine trans-vmyl proton signals at 
5.37 ppm (R-4) and 5.46 ppm (R-6), R-lb at 3.94 ppm (3.98 
ppm at 308 K), and a smaU cis-vinyl triplet at 5.32 ppm 
pjresenting ^proximately 20-30% unsaturated fatty adds:' 
This, along with the single p^ilc H-l signal at 4:i71 ppm, 
indicates a ceramide composition similar to that found, for 
example, in normal human erythrocytes (29). Hie' spectrum 
of trifocosyl Le' oli^ained from the tumor 845 (see fig. 4 in 
the Miniprint St^ilement) was identical in the anomeric 
region in every respect except that the /?-Gk H-l si^ was 
found primarily at 4.222 ppm. This was acconmuoied by a 
virtual absence of sphingosine £rans-vinyl signal^^ib approx- 
imately 4-fold elevation in t^e level of tiie fetty ad^ c»-vinyl 
proton signal, and the i^pearance of R-lb sphingosine 
predominantiy at 4.05 ppm at 308 K TTiese foa^ have 
previously been identified with a ceramiie of Gm, from mullet 
roe containing pl^^to^hingosine and a high pn^rtion of a- 
hydroigrlated, unsaturated fritty adds (30). Similar^featur^ 
are also ai^iarent in the spectra of poIy-Le" fucol^KI^ previ- 
ously isolated from adenocarcinpma and shown to have a hi^ 
content of a-hydrbiy frit^ adds (7), This san^ile fires per- 
methylated for the subseqwnt studies by gas duoinatogra- 
phy-mass q>ectroihetiy and direct probe mass spectrometiy. 

AfethykOmn Anajk^^is of the Le'-active Nonaosykemmide-- 
The structure of the mi^r Le^-active nonao^^ceramide as 
m'PucV*PucVn\MmLc^ suggested by >H NMR above has 
been folly confirmed by methylation analysis. Gas dirome 
togr^hy-mass spectrometiy (Fig. 3) of the partially methyl- 
ated alditol acetat^ produced iqwn hydrolysis of permetbyl- 
ated Le^^active non^osylceramide from FT 845 tumor yielded 
alditol acetette of 2,3.4-tri-G-MeFuc 2,3,6-tri-O-MeGlc 
2,4,6-tri-O-MeGal, 3,4,6-tri-O-MeGal, and 6-mono-O-Me- 
GlcNAcMe on a DBt5 cohnnn (Fig. 3A ). The identity of the 
peak containing the two tri-O-MeGal derivatives was con- 
finned by chrpinatognq;>hy on a DB-225 column (Fig. 3C), 
whereas the 6-(>MeGkNAcMe was confirmed by coinjecUon 
with an authentic sample. For con^Mrison, the gas chroma- 
tagvapby-mass spectrometry of partially metbylated alditol 
acetates obtainef^ from Ui^FlKV^FucnLce of the same tumor 
is reproduced in Fig. 3, B and D, which shows that the only 
qualitative difference is the eHmination of the terminal Gal 
derivative (2,3,4,6-tetra-O-MeGal) and the concomitant ap- 
pearance of 3,4,6-tri-O-MeGaI in the top chromatograms. 

Direct-probe Electron-ur^t Mass Spectrometry of Ie>- 

tbe Fix H-l at 4S73 i^m is a distortion resulting from resolution 
enhancement Integration of the unenhanced qiectrum shows that 
this resonance contains two protons. 
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Fig. 3. PardaUy O-melliylated alcUM and hezoBaminitol aceta tes de tected in the hydrolysate of 
permethylated glycolipids; A, |mxtia% O-methy lated alditol acetates of ^^^V^FVicVFPiichLca s^jaiated on ' 
a pB-5 column; B, for compariaon, paitiaQy Or^metfaiylated alditol acetates of DPFtaeV^FHicnLcs (7) chromatogiaphed ' ; ' - 
under identical conditions on a DB-5 column; Panel C, partially 0-methylatod alditol acetates of 
IIPPucVTucVPPucnLce chromatogn9>hed on a DB-SSiS column to show separation of 2,4,6- from 3,4,6-tri-O- ' 
MeGal; D, partially O-metl^lated al<&tbl acetates of IlFFucVFbcnLc^ chxomatc^sraphed on a DB-225 column 
ur '*er identical conditions. Ordinate; sum of Um intenaittes of aSH\ (MH - 60)^ for N-acetyUtexosaminitob and : . ■ ^ f. 
(MH~32)^(MH-G0r for neutral alditol deHvatives;afoci»a, scan nm 
previously (20). '^p/ 

fucolq>ids isolated from human meconium (10), attrmbtable 
in each case to ceramides containing phytospl:dngosiiife and 
saturated a-bydioxy fotty acids. In the present case, there is 
a predominance of ions 2 atomic mass units less th&i^thirae, 
reported, indicating unsa^uated a-OH fatty acids, consistent 
with NMR analysis. Ions attribut&Lle to ceramide plus 
tntenud tetrasacchaiide are found in the higher mass ;; 
at m/2 1491, 1517, and 1521. 



active Nonaosykemmide — The structural assigpr ^tnt pre- 
dicted by NMR spectroscony and meth:^atioii analysis 
was further confirmed by direct-probe electron-impact mass 
spectrometry of the permethylated FT 845 tumor ^jycolqitd. 
The spectrum and fiagmentotian pattern are shown £3 F^g. 4, 
A and respectively. The most prominent carfaohydbnte ions 
are derived, as expected, from cleavages at HexNAc, produc- 
ing the difuco^ltetreuaccharide series m/z 812-»786 and the 
trifucoflyiheptasaccharide series m/z 1435-^1403. Piefeiential 
loss of the neutral S -substituent from HexNAc (11, 31) of the 
primary fragments produces the ions m/z 606 and 1229, 
respectively. This is consistent with the proposed typte 2 chain 
structure since the ion m/z 402, which would be produced if 
the Hex-containing fragment were Imked to the 3-p^atioa of 
HexNAc, is not prominent The prominent ton m/z 182 is 
similarly an indication of type 2 chain structure. The carbo- 
hydrate structure ia further confirmed by ions of lower abun- 
dance at m/z 189-»157 (deoxy-Hex-), 361 (from 393, deoxy- 
Hex-O-Hex-), and 1016-d984 (difucogylpentaoee fri^^ment). 
Ceramide composition is indicated 1^ the ions shown in Rg. 
4B. In particular, the A series (31) qipeais charactemtic of 
ceramides containing phytoq^hmgoone, which ia also leine- 
sented h^f the ion at m/z 396. VirtuaUy no ion for unsaturated 
sphingodne qiecies is detectable at m/z 364, in agreement 
with the 'H NMR The ambiguity inemaining due to the 
duplication of ions of dtfiferent fatty add conqxintion (ie 
22:1 a-OH and 24:0 £itfy adds pro&ce fragiueats of the 
mass) would best be settled by fieitty add ana^ysia, but thb 
was not possible since no mote of this sample was availafaie. 
'H NMR does indicate a high proportion of unaatorated «r- 
OH fatty adds in combination with pbytosphingodne, as 
mentioned eariier. In the mass spectrum, the series of ions 
produced loss of oxygen (-16) from the A frogmenta is 
prominent Previously, these have been seen in tb^ efection- 
inqmct mass spectra of H type 1 chain fuccdipid iao^ 
human plasma (31), Le^ fucolipid from dc« intestine (32), and 




DISCUSSION 

One of the characteiristic features of carbohydrate c«,^«» 
in human cancer, particalarly in colonic adenocardnopu, is 
the accumulation of g|ycolq>ids having Le^ determinant, 
which b defined by various monoclonal antibodies prepar^ 
by indqiendent laborstories (2--4). Although a small qua^ 
of Le^ antigen is widejly distributed in some normal epithehal 
tissues, i^^ndular tissues, and their secretions, it is essentially 
absent in the distal region of normal colonic epithelia, indud- 
ingtbe sigm<»dal oolon and rectum, erc^ in the ciypt areas 
(33). A large quantity of the antigen b present, however, in 
essentially all adenooucinomas of colon, irreqwctive of their 
locaticm, and in the n^jority of colonic adenomas and polypi 
that have potential malignant properties (such as villous and 
laObtubuIar adenomeis), but is al»eht or weakfy eiqpriesaed in 
nomnalignant adenomas and polype, such as tubular and 
juvenile poltypa (33). Thus, the expression of Le' antigen in 
coioaic cancer and polypa has diagnostic and progno^ 
In a previoua study, m characterised the Cast migrating, 
sinqilest Le'-active Arcolqjkl as lactodifiicohexaofly loe^ 
(4). A sig n i fic ant quantity of this ^iyccHafoA was found in six, 
out erf ei^ cases of ookmic adenocrjdnomas, ahhoo^ two 
cases (tumna 126 aiid 038) irf oolonk admocaidnoma con- 
tained onbf a veiy small quantity, as shown in Fig. 1 (see 
lanes J and d). In an case? so fiv examined, a consistent ni^jor 
component was found to be a skrw migrating Le^^-active 
col^d, which is described m this p^r. This ^tycolqnd was 
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jiG. 4. A, electron-uoqpact mass spectrum of permethylated IirFucVTucVPFucnLce iTom 845 adenocarcinpquC' - 
Ions marked by asterisks are attributed mainly to nonreducing end carbohydrate ions, fi, fragmentation pattexn 
producing the characteristic ions indicated in the mass spectrum. '^^^ 



identified by *H NMR specttoscopy, methylation analysis, 
and direct-probe m ass g pectrometiy as trifucosyl Le^ (Le^ 
nonaosylcerainide, UFFucV^FucVFPucnLcs)* as described 
under "Results." This structure is the product of the addition 
of 1 fucosyl residue to the terminal Gal residue of Le'-acUve 
difucosyloctaosylceramide (IIPFucVFucnLce, difiicosyl y^t 
dimeric Le*), which is the nuyor Le'-active component of 
human adenocarcinoma (7). A minor conqjwnent, which had 
a slightly slower TLC mobiUty than H2 ^ycoUpid, was isolated 
and characterized by NMR spectroscopy as difiicooctao- 
sylceramide (VTucVPPucnLcft). 

The presence in human meconium of a series of hepta- to 
decao^y Iceramides having Ler, Le^, and Le^ detenninante with 
or without internal fucoqylation was suggested by total mess 
(mctrometiy of a permethylated mixturo (10). Although these 
components were not isolated or characterized (10), the abun- 
dance of polyfiicogylated glyoolipids in both meconium and 
human colonic cancer may indicate that the expression of 
these structures is oncodevelopmentally regulated. The inter- 
nal al-»3 fucoqyl substitution of the migor Lef nonaos^cer- 
amide provides an interesting antigenicity for this glycoUpid, 
which wiU be described in the accompanying paper (40). 
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